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INTRODUCTION 
India, with approximately 8% of world's biodiversity is bestowed 
with rich natural resources, diverse ecological conditions and a long 
practice of traditional farming systems consistent with their ethnic 
diversity and ancient civilization. Out of the 1500 species identified 1100 
species are used in different systems of medicines and out of these, 600-
700 species are used in India, mainly by the indigenous industries. 
More immediately, however, the availability of medicinal plants is 
already under serious threat. Around 95% of the medicinal plants used by 
the Indian industry today are collected from the wild. Less than 20 
species of plants are under commercial cultivation. Over 70% of the plant 
collections involve destructive harvesting because of the use of parts like 
roots, bark, wood, stem and the whole plants (in case of herbs). This 
poses a definite threat to the genetic stocks and to the diversity of 
medicinal plants. Conservation of medicinal plant species is possible 
through either in situ or ex situ means, or preferably through a 
combination of both. 
The recent developments in clonal micropropagation of plants 
through tissue culture technique has been of great help in the cultivation 
of medicinal plants by providing planting material of standard quality and 
it was conceived and enunciated by G. Haberlandt (1902). Recent 
advances in biotechnology for producing transgenic plants have added a 
new dimension to plants as a source of pharmaceutical products. There is 
a need for genetic improvement of the species for special characters such 
as increase in yield of the active constituent. 
In Vitro Propagation Techniques 
The biotechnological tools are important to select, multiply and 
conserve the critical genotypes of medicinal plants by adopting 
techniques such as micropropagation, creation of somaclonal variations 
and genetic transformations. 
Plant cell cultures are of importance for improvement of medicinal 
plants. Complete plants have been regenerated from callus cultures, 
excised anthers and micropropagation has been achieved from organised 
tissues by multiplication of meristems and axlillary buds. In many cases it 
provides an opportunity to maintain true-to-type plant species and the 
propagation system can produce a large number of plants from a single 
clone. Plant regeneration from shoot and stem meristems have yielded 
encouraging results in many medicinal plants. Many of the regenerated 
plants showed somaclonal variation and selections were made for high 
active principle yielding cell lines. 
Thus, the various components of the application of tissue culture 
technology are: 
> Micropropagation. 
> Conservation through cry ©preservation. 
> Bioproduction of value added secondary metabolites. 
> Biotransformation of bioactive molecules. 
> Genetic upgradation for improvement 
- Somatic hybridization 
- Somaclonal variation 
- Transgenic Plants. 
Thus, considering the importance of medicinal plants, two 
medicinally as well as economically important plants i.e. Ruta graveolens 
and Morus alba were considered for investigation in the present work. 
1.1 Ruta graveolens L. (Rutaceae) commonly known as garden rue 
and is well known for its aromatic and medicinal uses. It grows in the 
mediterranean region preferring open sunny sites. It is also cultivated in 
many parts of the world as a garden ornamental plant. 
1.1.1. Botanical Description 
It is a strong scented, erect, glabrous herb. 30-90cm high. Leaves 
2-3 pinnate. Segments oblong to spathulate covered with a bloom and 
strongly aromatic. Flowers small, yellowish in corymbs, petals with 
dentate or wavy margins, capsules small with lobes somewhat rounded. 
1.1.2. Medicinal Importance 
The herb is considered resolvent, diuretic, emmenagogue, stimulant 
and antispasmodic. It is useful in hysteria and amenorrhoea. The juice of 
the herb is reported to relieve earache and toothache. The herb is 
considered useful for treating croup in poultry. In large doses it acts as a 
narcotic poison and abortifacient. It is applied locally in the treatment of 
rheumatism of joints and feet. An alcoholic extract of the herb shows 
antibacterial activity against Micrococcus and E. Coli. 
1.1.3. Economic Importance 
A pale yellow or greenish volatile oil. Rue oil is obtained on steam 
distillation of the fresh plant material. The oil also occurs in small 
quantities in leaves and roots but somewhat in greater amount in seeds. 
The oil consists predominantly of methyl nonyl ketone 80-90% with a 
small amount of methyl haptyl ketone. Other constituents are present in 
small amount. The higher the ketone content of the oil the better is its 
quality. Rue oil is used as antihelmintic. antispasmodic, antiepileptic. 
rubefacient and emmenagogue, particularly in veterinary medicine. The 
oil is used as a flavouring agent, in perfumes and soap scent. 
The herb also contains several alkaloids. Stems and leaves contain 
skimmianine, graveolinine while the roots contain dictamine and 
f-lagarine. 
Leaves of the herb are used as condiment and garnish. They are 
sometimes pickeled and used for flavouring foods and beverages. A 
decoction of the leaves is given in fevers in South Africa and infusion of 
the leaves is regarded hypnotic. 
1.2 Morus alba L. (Moraceae) Commonly known as mulberry. It is 
indegenous to China and is extensively cultivated throughout the plains of 
India and in the hilly areas of Himalayas. Numerous types of mulberry 
are under cultivation in various silk producing countries of the world and 
Morus alba is the most important type of mulberry grown in India for 
rearing silk worms. 
1.2.1. Botanical Description 
A monoecious occasionally dioecious shrub or a moderate tree with 
a fairly cylindrical straight bole upto 3mt. height. Bark dark brown rough 
with vertical fissures. Leaves ovate, serrate or often deeply lobed. 
Flowers inconspicuous, greenish, male spike catkins, female spike ovoid 
pedunculate. Fruit a syncarp consisting of many drupes enclosed in fleshy 
perianth. 
1.2.2. Medicinal Importance 
Mulberry leaves are considered diaphoretic and emollient. A 
decoction of leaves is used as a gargle in inflammations of the throat. The 
fruit is cooling and laxative, it is used for sore throat, dyspepsia and 
melancholia. The root is reported to possess antihelmintic and a stringent 
properties. The bark is used as a purgative and vermifuge. 
1.2.3. Economic Importance 
Leaves: Young leaves which have attained full size are best suited for 
breeding silk worm larvae. Mulberry leaves sometimes eaten as 
vegetable. They are also useful as cattle fodder. They are nutritious and 
palatable. The leaves are good source of protein, carbohydrate, ascorbic 
acid, vitamin B), Folic acid and vitamin D. Mulberry leaves are also rich 
in calcium, zinc and Boron. 
Table 1. Analysis of leaves showed the presence of following 
constituents. 
Constituents 
Crude protein 
Soluble sugars 
Phosphorus 
Potassium 
Calcium 
Magnesium 
Aluminium 
Iron 
Silica 
Sulphur 
% dry weight 
28.80 
13.60 
1.40 
3.60 
2.40 
0.72 
1.80 
0.06 
2.00 
0.56 
Fruit: The fruit of Morus alba are eaten fresh or made into juice stews 
and tarts. They may be squashed and fermented to yield spirituous 
liquors. 
Wood: Wood oi Morus alba is much valued by the sports goods industry 
on account of its elasticity and flexibility. When steamed, mulberry wood 
is used chiefly for hockey sticks, tennis, badminton rackets, cricket bats, 
stumps and other sports goods. 
The present work has been conducted with the following objectives: 
(1) To formulate cultural conditions for regeneration and 
multiplication and regenerant differentiation in somatic tissues of 
both the economic plants. 
(2) To develop an efficient protocol for raising complete plants in vitro 
and their acclimatization 
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REVIEW OF LITERATURE 
Development of the science of tissue culture is historically linked 
to the discovery of cell and subsequent propounding of the cell theory. 
More than 234 years ago, Henri-louis Duhamel du Monceau's (1756) 
pioneering experiments on wound healing in plants demonstrated 
spontaneous callus formation on the decorticated region of elm plants. 
His studies according to noted biologist Gautheret (1985), could be 
considered a ' foreword' for the discovery of plant tissue culture. 
German botanist Gottlieb Haberlandt (1902) developed the concept 
of in vitro cell culture. He was the first to culture isolated, fully 
differentiated cells in a nutrient medium. 
Hannig (1904) initiated a new line of investigation involving the 
culture of embryogenic tissue, which later became an important applied 
area of investigation, using in vitro techniques. Simultaneously, Kotte 
and Robbins in 1922 conceived a new approach to tissue culture. They 
postulated that a true in vitro cultures could be made easier by using root 
tip and bud. 
Over the years, considerable progress has been made in the 
application of cell culture technology to horticulture, sylviculture, 
sericulture, agriculture and industry through commercial exploitation of a 
wide variety of monocots and dicots including plantation crops. 
This chapter has been written with a view to provide earlier work 
done on the related plants of Rutaceae and Moraceae till date. 
2.1 Ruta graveolens L. 
Abou-Mandour (1982) cultured leaf and stem explants of Ruta 
graveolens on Linsmaier and Skoog medium and observed callus growth 
from both the explants. Roots were also produced from stem derived 
tissue cultures when grown in dark with KN (O.lmg/1) + 2,4-D (lmg/1) + 
IAA(lmg/l) + CM. 
Jusaitis (1991) reported proliferation of Phebalium shoots when 
supplied with low or medium levels of auxins and cytokinin. They 
reported NAA (1 and 6^ im) + BA (1 and lOum) to be the best hormone 
concentration for two different Phebalium species. Rooting was also 
observed in both the species when treated with high auxin 2,4-D 
(10-60nm) for two weeks followed by transfer to a hormone free medium. 
Varghese et al. (1993) reported initiation of callus from stem explants of 
Aegle marmelos on MS medium supplemented with KN, 2,4-D and NAA. 
Development of shoots was observed from the callus on BA alone or in 
combination with NAA. Multiple shoot induction from nodal explant was 
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also achieved on the same medium augmented with different 
concentration of BA, KN and NAA. Rhizogenesis of shoots was observed 
in the presence of lAA. Imaizumi (1993) obtained successful shoot tip 
culture of Zanthoxylum piperitum on MS medium supplemented with 
NAA and BAP. 
Islam et al. (1993) gave a protocol for organogenesis from leaf 
explants obtained from in vitro grown seedlings of Aegle marmelos on 
MS medium supplemented with BA and lAA. The highest number of 
shoots per explant were obtained when BA (1.5mg/l) and lAA (0.5mg/l) 
were used. Elongation of shoots was observed when medium was 
enriched with BA (0.5mg/l) and rooting in elongated shoots was achieved 
on half strength MS medium supplemented with IB A (O.lmg/1). Similarly, 
Hossain et al. (1994) reported plantlet regeneration from cotyledonary 
explant taken from in vitro grown seedling of Aegle marmelos on MS 
medium supplemented with BA (2mg/l) and addition of lAA (0.2 mg/1) 
improved shoot regeneration efficiency. Elongation of adventitious 
shoots was also observed on same medium supplemented with KN (0.5 
mg/1) + GA (0.1 mg/1). Differentiation of roots was achieved again on 
half strength MS medium with IBA (0.5mg/l). 
Hossain et al. (1994) reported micropropagation of Feronia 
limonia using cotyledonary explants on MS medium supplemented with 
II 
BA (4.4 ^im) and KN (4.6nm). Adventitious buds formed on cotyledons 
were developed into shoot and rooted on half strength MS medium 
supplemented with lAA (0.57|im) and IBA (0.49^m). 
Jones et al. (1994) observed successful micropropagation of 
Dictamnus albus by culturing shoot explants on MS medium with BA. 
Best shoot multiplication and usable microshoots was observed in 
cultures treated with BA (Uim). They further noticed that in vitro rooting 
was very poor even with IBA. Similarly the micropropagation of Murraya 
koenigii from shoot tip explant was reported by Hazarika et al. (1995) on 
MS medium. They observed highest shoot induction with BA (0.75mg/l) 
and shoots were rooted ex vitro. 
Islam et al. (1995) reported successful regeneration of plantlets 
from callus cultures derived from zygotic embryos of Aegle marmelos on 
MS medium with various combination of cytokinin (BA and KN) and 
Auxins (lAA and NAA) and the plantlets produced were transferred to 
pots and gradually acclimatized to out door conditions. 
Islam et al, (1996) cultured radicle tissues of Aegle marmelos and 
reported induction of adventitious buds on MS medium with various 
combinations of BA and NAA. The medium containing BA (1 mg/1) and 
NAA (0.2mg/l) produced higher number of shoots and these shoots were 
rooted on medium containing IBA (2.5mg/l). 
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Thirumalai and Thamburaj (1996) reported indirect plantlet 
regeneration in sweet orange. They cultured the internodal segments on 
MS medium containing BA (0.25mg/l) and NAA (9-lOmg/l) and observed 
callus induction. Formation of shoots was achieved on MS with NAA 
(O.lmg/1) and BA (0.25mg/l) and roots on 3/4 MS medium with NAA 
(3mg/l). The direct plantlet regeneration through node cultures of Aegle 
marmelos was reported by Arumugam et al. (1996). They observed 
highest number of shoot induction on MS with BAP (3mg/l) and roots in 
regenerated shoots on a medium containing IBA (4mg/l). 
Jumin and Nito (1996) reported in vitro flowering in Murray a 
paniculata on half strength Murashige and Tucker medium supplemented 
with 5% sucrose and (O.OOlmg/1) BA from epicotyl segment. Similarly 
plant regeneration from embryogenic calli of six Citrus related genera on 
the same MT medium was reported by Ling et al. (1997). Caulogenesis 
was reported after six successive subcultures of embryogenic calli on MT 
medium containing NAA (0.02mg/l). 
Bhuyan et al. (1997) reported direct shoot proliferation using 
seedlings of Murraya koenigii on modified Murashige and Skoog medium 
supplemented with BA (5mg/l). Maximum shoot proliferation was 
obtained when shoot forming region was in direct contact with the 
medium surface or slightly embedded into the medium and rooting in 
excised shoots was observed on half strength MS containing IBA (lmg/1). 
Plantlets were acclimatized and established in soil where they exhibited 
normal growth. 
Castro et al. (1997) proposed an aseptic procedure for the 
micropropagation of Ruta graveolens and evaluated different culture 
media. Among the culture media studied by them, half strength MS 
containing BAP (0.lmg/1) resulted in heavier plantlet formation. 
Similarly, John et al. (1997) developed a protocol for micropropagation 
of Ruta graveolens from shoot tips, internodal segments and leaf 
segments on MS medium supplemented with lAA (0.5mg/l) + BA 
(4mg/l), lAA (0.01-0.03mg/l) + KN (3mg/l), 2,4-D (2-6mg/l) + KN 
(0.3mg/l) + Adenine sulphate (4mg/l) respectively, for shoot regeneration 
and rooting was observed on half strength MS basal medium. 
Rajendra and D'-Souza (1998) cultured internodal segments of 
Murraya koenigii which produced adventitious shoots on MS medium 
supplemented with BAP (lmg/1) and rooting of microshoots was achieved 
only on MS with IBA (0.lmg/1). Similarly shoot regeneration from nodal 
explant of Aegle marmelos on MS with BAP (2.5mg/l) was reported by 
Ajithkumar and Seen! (1998). 
Mathew et al. (1999) reported micropropagation of Murraya 
koenigii. They cultured nodal segments from mature trees on Murashige 
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and Skoog media supplemented with BAP (l.Omg/1), response of 1-2 
roots per shoots was obtained on MS containing NAA and IB A (O.lmg/1 
each). 
2.2 Morus alba L. 
Kim ei al. (1985) cultured leaf and shoot tip explants of Morus 
alba on MS medium supplemented with BA with or without a low 
concentration of NAA and observed formation of adventitious shoots and 
axillary buds respectively. Root induction on the shoots was also noticed 
with IBA. 
Tewary et al. (1989) observed initiation of callus from leaf explant 
of Morus alba when cultured on MS medium supplemented with BAP + 
KN + 2,4-D. 
Narayan et al. (1989) cultured internodal segment of Morus alba 
on MS medium supplemented with 2,4-D (lmg/1) + BAP (0.5mg/l) and 
observed callus formation. Regeneration of shoots was observed when 
induced calli were transferred to medium containing BAP (0.5- 3.0mg/l) 
and callus derived shoots after producing root developed into plantlets 
when transferred to medium supplemented with NAA (0.5mg/l). 
Sharma and Thorpe (1990) reported direct shoot regeneration 
from nodal explants of Morus alba after culturing them on Murashige and 
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Skoog medium containing BA (2.5nm/l) and the in vitro formed shoots 
underwent spontaneous rooting after being on shoot proliferation medium 
for more than 4 weeks. 
Tewary and Rao (1990) cultured shoot apices of Morus alba on 
Murashige and Skoog medium containing BAP (l-2mg/l) which induce 
callus and after one subculture, green shoot buds were formed. Root 
formation was also induced by adding NAA (0.5-2.0mg/l) and best 
concentration of NAA for root formation was l.Omg/1. 
Jain et al. (1990) reported shoot induction in Morus alba and 
Morus indica with MS + GA3 (0.5-l.Omg/l) and MS + BAP 
(0.25-0.5mg/l) respectively, on culturing axillary buds and observed 
rooting in the induced shoots, when medium was supplemented with IBA 
(0.5mg/l). Similarly, induction of in vitro plantlet of mulberry was 
reported by Chattopadhyay et al. (1990) when they cultured axillary 
buds on MS medium supplemented with auxins and cytokinins. 
Islam et al. (1993) reported rapid and early proliferation of 
axillary buds ,when they cultured nodal explants of Morus laevigata on 
MS medium supplemented with BA and KN alone or in combination with 
2.4-D or NAA (0.5|im). Highest number of shoots was seen on medium 
containing BA (lO^m) followed by KN (lO^m) and rooting was observed 
on half-strength MS with / without IBA (0.5^m). Similarly Amin and 
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Jaiswal (1993) reported shoot and root formation from nodal explant of 
Artocarpus heterophyllus (Jack fruit) on same medium and same growth 
regulators but with different concentration. 
Bhojappa et al. (1994) cultured nodal explants of Morus alba on 
modified Murashige and Skoog's medium and observed shoot induction 
with BA singly or in combination with NAA or lAA and root induction 
on half-strength MS medium with/without NAA or lAA. 
Tewary et al. (1995) reported formation of multiple plantlets on 
MS medium supplemented with BA (2mg/l) alone or in combination with 
NAA (O.lmg/1) from shoot buds of Morus alba. Similarly, plantlet 
regeneration from axillary buds of Morus alba has been achieved by 
Verma et al. (1996). They successfully established and maintained the 
cultures in vitro on MS medium supplemented with KN/BAP 
(2.0-5.0mg/l), lAA and NAA (0.1-0.5mg/i), Adenine sulphate (25mg/l), 
NH4NO3 (10-20mg/l) and argenine (50mg/l). 
Pattnaik et al. (1996) induced caulogenesis in nodal explants of 
Morus australis on MS medium supplemented with BAP (lmg/1) and 
reported rhizogenesis on half strength MS medium containing a 
combination of lAA, IB A. IPA at (lmg/1 each) whereas Sahoo et al. 
(1997) reported in-direct plant regeneration from nodal explant of Morus 
indica. They reported callus from internodal segments on MS medium 
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supplemented with a combination of 2,4-D (2mg/l) and BA (0.5mg/l) and 
this callus proliferated well on MS medium with BA (0.5mg/l) + Casein 
hydrolysate(100mg/l). 
Pattnaik and Chand (1997) cultured nodal and stem explant of 
three mulberries and observed multiple shoot induction on MS containing 
BAP (0.5-lmg/l)+GA (0.4mg/l) and these shoots were then successfully 
rooted on half strength MS medium with lAA, IBA and IPA (lmg/1 each). 
Vijayan et at. (1998) reported indirect plantlet regeneration 
through seed cultures of Morus indica. They obtained callus on MS+ 
2,4-D (2mg/l)+BA (0.5mg/l) from hypocotyl segments raised from in 
vitro seedlings. The callus when transferred to MS medium with BA 
(2mg/l)+NAA (0.lmg/1) developed 30-40 shoots. Rooting of the shoots 
was achieved by culturing them on MS with NAA (0.5mg/l). 
Zaman et al. (1998) developed an efficient protocol for year 
round mulberry propagation through the in vitro technique of single node 
cultures. The highest shoot proliferation was achieved on MS+ BA 
(50|im)+ KN (5)im) and best rooting was achieved with low concentration 
of IBA (l|xm). Similarly. Chitra and Padmaja (1999) proposed a 
protocol for clonal propagation of mulberry through in vitro cultures of 
nodal explant. They cultured nodal explant on MS medium with BA 
(4mg/l)+GA3 (0.05mg/l) for caulogenesis and on MS with 2.4-D (lmg/1) 
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for rhizogenesis. Yamanouchi et al. (1999) studied the effect of medium 
conditions on adventitious bud formation in immature mulberry leaves. 
They cultured leaves on MS media differing in the nitrogen source, 
sugars, pH or containing various kinds and concentrations of plant 
hormones, antibiotics or a herbicide and reported that the most suitable 
sugars were sucrose and glucose and the suitable hormones were TDZ 
(lum) and ascorbic acid (Ifim). 

Cii \v^ IK 3 
MATERIALS AND METHODS 
3.1. Experimental Material 
The Present investigation deals with two economically as well as 
medicinally important plants. Ruta graveolens L. and Morus alba L. The 
explants namely nodal segments, leaves and shoot tips (0.5-1.5cm) were 
obtained from young plants growing in Botanical garden, AMU, Aligarh. 
3.2. Experimental Methodology 
Growth and regeneration of plant tissues mainly depends and are 
largely governed by culture medium. In the present investigation, the 
basal medium proposed by Murashige and skoog (1962) has been used. 
The different constituents of MS medium along with their concentration 
are listed below: 
Table 2.Inorgaiiic ai 
A. Major Salts 
NH4NO3 
KNO3 
CaCb, 2H2O 
MgS04, 7H2O 
KH2PO4 
NazEDTA 
FeS04.7H20 
id organic nutrients 
mgA(lx) 
1650 
1900 
440 
370 
170 
31.3 
27.8 
mg/l(10x) 
16500 
19000 
4400 
3700 
1700 
313 
278 
gm/l(10x) 
16.50 
19.00 
4.40 
3.70 
1.70 
.313 
.278 
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B.Minor Salts 
H3BO3 
MnS04. 4H2O 
Zn SO4. 7H2O 
KI 
Na2Mo04. 2H2O 
CUSO4. 5H2O 
CoCl,. 6H7O 
mg/I(Ix) 
6.2 
22.3 
8.6 
0.83 
0.25 
0.025 
0.025 
mg/l(10x) 
62 
223 
86 
8.3 
2.5 
.25 
.25 
gm/l(10x) 
.062 
.223 
.086 
.0083 
.0025 
.00025 
.00025 
C. Vitamins mg/l(lx) mg/l(10x) gm/l(10x) 
Inositol 
Nicotinic acid 
Pyridoxine HCl 
Thiamine HCl 
Glycine 
100 
0.5 
0.5 
0.1 
2 
1000 
5 
5 
1 
20 
1 
.005 
.005 
.001 
.02 
3.3. Preparation of Culture Medium 
The constituents given in table 2 were dissolved in double distilled 
water (DDW) and the volume of the solution is maintained as per 
requirements of the present investigation. 
FeS04 and Na^EDTA are dissolved separately and added to the 
medium lastly to avoid precipitation of the salts. Double distilled water 
was used for the preparation of stock solution of various auxins 
(lAA, IBA. NAA and 2.4-D) and cytokinins (KN and BAP). 
All auxins were dissolved in few drops of absolute alcohol and 
cytokinin in few drops of IN NaOH and made into required volume.MS 
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medium was supplemented with hormones singly as well as in 
combination of different concentrations. 3% sucrose was added in each 
combination as carbon source and 1% agar was used for solidification of 
the culture medium. 
pH of the medium was adjusted at 5.5 to 5.7 adding few drops of 
IN HCl or IN NaOH before autoclaving the medium. The medium is then 
transferred to culture tubes. About 15-20 ml of the medium is poured in 
each tube and ten replicas were taken for each treatment. All the culture 
tubes were labelled and plugged with non absorbent cotton tightly. The 
medium was sterilized in an autoclave at 15 lbs/inch^ and 121*'C for 20 
minutes. After autoclaving slants were made by placing the culture tubes 
in an inclined position. 
3.4. Aseptic Techniques 
The aseptic techniques are necessary for maintaining aseptic 
requirement to avoid contamination. The technique involves: 
3.4.1. Sterilization of Inoculation Chamber: The inoculation chamber 
was sterilized by UV light for about 24 hours and there after it is 
switched off. The surface of table is wiped with 70% alcohol and hands 
were also rinsed with 70% alcohol. 
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3.4.2. Sterilization of glass wares and Instruments: The glass wares to 
be used were wrapped in aluminium foil or butter paper and sterilized by 
autoclaving. The instruments like forceps, scalpels etc. which are made 
up of stainless steel were surface sterilized by dipping in rectified spirit 
and flamed on spirit lamp before each inoculation. 
3.4.3. Sterilization of plant Material: The explants i.e. nodal segments, 
leaves and shoot tips were collected in a flask containing water. The 
material was washed thoroughly under tap water for 30 minutes then it is 
taken into the inoculation room. The material was treated with 5% teepol 
for 5 minutes with continuous shaking of flask followed by 3-4 rapid 
washing with sterilized double distilled water. There after, the explants 
were surface sterilized with 0.1% HgCl2 for 2-5 minutes depending upon 
the material. These were subsequently washed 4-5 times with sterilized 
double distilled water to remove the traces of sterilant. At last, suitable 
explants are selected and were replaced in sterilized petriplates for 
inoculation in culture tubes. 
3.5. Inoculation and Incubation 
All the instruments used during excision and inoculation were 
dipped in alcohol and flamed and were used after cooling. This procedure 
was repeated every time before inoculation of material and tubes were 
plugged quickly. All the culture vials were kept under control 
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environmental conditions i.e. 25±2°C temperature, 16/8 hours photocycle 
and 55-60% relative humidity. Periodic observations were also recorded. 
3.6. Acclimatization 
Plantlets were transferred to the soil after in vitro rooting and these 
plantlets are immediately irrigated with an inorganic nutrient solution and 
maintained under high humidity for the initial 10-15 days. High humidity 
is built up around transplanted plants by covering them with clean 
transparent plastic bags having a small hole for air circulation. This 
enables shoot to adopt well to green house conditions and to establish 
functional roots. 

C H \I»TI R 4 
OBSERVATIONS 
The various explants like shoot tip, nodal segments and leaf of 
Ruta graveolens and Morus alba have been cultured on MS medium 
supplemented with different concentrations of growth hormones singly as 
well as in combinations. The results obtained are described as follows. 
4.1 Ruta graveolens L. 
4.1.1. Shoot tip explant 
For callus induction and organogenesis the shoot tip along with 
leaf primordia were taken as explant and cultured on MS basal 
medium supplemented with various growth hormones either singly or 
in combinations (Table 3, Fig. 18). 
The shoot tip explants cultured on MS basal medium (control) 
exhibited slight elongation of apical bud but within 10 days of 
inoculation, it turned brown and died. 
Callus induction 
The explant cultured on MS medium supplemented with 2.4-D 
(2mg/l) showed yellowish callusing on lower cut end within one week 
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of inoculation. The apical bud grew well and produced well developed 
leaves within a month of inoculation ( Fig. 1 A). 
The explant when cultured on MS medium augmented with KN 
(2mg/l) showed callusing from cut end after 10 days of inoculation. The 
apical bud developed into mature shoot with well developed branches 
within 28 days of inoculation (Fig. IB). 
The explant when cultured on MS medium augmented with NAA 
(2mg/l) exhibited swelling at the lower cut end within 4 days of 
inoculation. Which later transformed into light brown callus after 15 days 
of inoculation. Apical bud grew well and showed slight expansion in 
leaves on further incubation of 22 days (Fig. IC). 
Caulogenesis 
The explant when cultured on MS medium supplemented with BAP 
(2 and 4mg/l) exhibited slight callusing on lower cut end within 7 days of 
inoculation and large number of direct and indirect shoot buds developed 
after 15 days of inoculation. The number of shoots produced were more 
on BAP (4mg/l) (Fig. IE & F) as compared on BAP (2mg/l) (Fig. ID). 
The explant when cultured on MS medium supplemented with 
BAP + lAA (2mg/l each) showed formation of a yellowish callus from the 
lower cut end and proliferation of apical bud after 25 days of inoculation, 
followed by induction of a shoot bud from callus (Fig. 2A). 
The explant when cultured on MS medium supplemented with 
BAP (4mg/l) + IBA (2 mg/1) exhibited callusing from whole surface after 
15 days of inoculation. And a large number of shoot buds formed from 
the callus after an incubation period of 10 days, which developed into 
healthy shoots (Fig. 2B). 
The explant when cultured on MS medium augmented with KN 
(2mg/l) + NAA (0.5mg/l) exhibited multiple shoot formation from the 
surface of explant after 36 days of inoculation (Fig. 2C). 
The explant when cultured on MS medium supplemented with BAP 
(2mg/l) + NAA (0.5mg/l) started callusing after 7 days of inoculation. 
This on subsequent incubation produced a large number of shoot buds 
within 20 days from the callus. These shoots attained a height of 3cm 
within 2 months of incubation (Fig. 2D). 
The explant when cultured on MS medium augmented with BAP 
(4mg/l) + NAA (0.5mg/l). exhibited light brown callusing after 10 days of 
inoculation. A large number of shoot buds appeared on it within 22 days 
of incubation. Which were further proliferated on subsequent 
subculturing but their height remained unaffected (Fig. 2E & F). 
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Rhizogenesis 
In vitro formed shoots were isolated and subcultured on MS 
medium added with various combinations for rhizogenesis. 
When excised shoots were subcuhured on MS with lAA +NAA 
(2mg/l each) showed creamish callus on lower cut end of the shoot after 
15 days of incubation and resulted in the emergence of single root 
directly from the shoot within 40 days. A large number of small sized 
roots also appeared on the callus within same incubation period 
(Fig. 3A). 
The excised shoots when cultured on half strength MS medium 
without growth regulators exhibited rooting directly from lower cut end 
of the shoot after 2 months of subculturing and about 3-4 roots were 
formed. Out of which one attained a size of 6 cm. The shoot grew well 
and showed good growth (Fig. 3B). 
When excised shoots were subcnltured on half strength MS 
medium supplemented with NAA (2mg/l) + IB A (lmg/1) showed 
formation of creamish callus at the cut end after 10 days of incubation. 
Later a large number of small sized roots emerged out from it on an 
incubation period of 35 days (Fig. 3C). 
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When excised shoots were cultured on half strength MS medium 
augmented with NAA (lmg/1) + 2,4-D (O.lmg/1) + BAP (0.05mg/l) 
exhibited callusing from the lower cut end on 7^*^  day of inoculation and 
there appeared 7-8 small sized roots within 35 days of incubation 
(Fig.3D). 
4 .1.2. Nodal Explant 
For callus induction and organogenesis, the nodal segments were 
taken as explant and cultured on MS basal medium supplemented with 
various growth hormones either singly or in combinations 
(Table 4, Fig. 19). 
The nodal segment cultured on MS basal medium (control) did not 
respond for caulogenesis but remained green for about 10 days and later 
the explant turned yellow. 
Caulogenesis 
The nodal segment cultured on MS medium supplemented with 
BAP (2,3 and 4 mg/1) exhibited direct as well as indirect caulogenesis 
from the nodal region within one month of incubation (Fig. 4 A-C). An 
increase in the concentration of BAP resulted in the production of a good 
number of shoots and the best result w as obtained on BAP (4mg/l). These 
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shoots were further proliferated on the medium containing BAP (4mg/l) 
in the flask (Fig.4 D & E). 
The explant cultured on MS medium supplemented with 2,4-D 
(2mg/l) showed swelling from cut ends after 8 days of inoculation. Later 
on, the whole surface of the explant transformed into creamish callus 
mass within 20 days of incubation. 2-3 morphogenic portions were 
observed on the callus which transformed into young shoots after 10 days 
of incubation (Fig. 5A). 
The explant cultured on MS medium augmented with KN (2mg/l) 
showed brown callusing from the lower surface after 10 days of 
inoculation. Later on there appeared 7-8 shoot buds after 22 days of 
incubation 
(Fig. 5B). 
The explant cultured on MS medium supplemented with BAP 
(2mg/l) + IBA (0.5mg/l) exhibited brown callusing from the cut end after 
14 days of inoculation. There appeared about 10-12 shoot buds directly as 
well as from the callus after 26 days of inoculation (Fig. 5C). 
The explants cultured on MS medium augmented with BAP 
(2mg/l) + 2,4-D (0.5mg/l) showed yellowish callusing from the small 
portion within 12 days of inoculation and 8-9 shoots developed from the 
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callus. Later on newly formed leaves showed expansion and thickening 
instead of shoot elongation (Fig. 5D). 
The explant cultured on MS mediun\ supplemented with BAP 
(2mg/l) + 2,4-D (lmg/1) showed creamish yellow callusing from the 
whole surface of the explant within 10 days of inoculation. On 
transferring the callus to the fresh medium with same concentration and 
combination, 12-14 shoot buds were observed after 14 days of sub 
culturing (Fig. 5E). 
The explant cultured on MS medium enriched with BAP (2mg/I) + 
2,4-D (1.5 mg/1) exhibited yellow callusing from the whole surface of the 
nodal region within 12 days of inoculation. Later on, about 16-18 shoot 
buds appeared on the callus mass after 28 days of incubation (Fig. 5F). 
Rhizogenesis 
The explant cultured on MS medium enriched with NAA (lmg/1) + 
2,4-D (0.1 mg/1) showed creamish callus from the whole surface of the 
explant within 15 days of inoculation and after 23 days a single root 
emerged from the callus and on further incubation for another 15 days. 
2-3 shoot buds developed and the root became branched (Fig. 6A). 
The explant cultured on MS medium augmented with NAA (lmg/1) 
+2.4-D (0.1 mg/1) +BAP (0.05mg/l) exhibited callusing from the whole 
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surface after 12 days of inoculation. Initiation of caulogenesis was 
observed from the callus within 20 days and rhizogenesis was observed 
from the upper surface of the callus. A good number of small roots (about 
25-30) were formed within 26 days of incubation (Fig. 6B). 
The explant cultured on MS medium supplemented with 
lAA+NAA (2mg/l each) showed formation of white creamish callus from 
the whole surface after 14 days of inoculation. The initiation of 
rhizogenesis was observed from the whole callus and the root size 
remained as such even on further incubation of 28 days (Fig. 6C). 
Nodal segment cultured on MS medium augmented with lAA 
(2mg/l)+NAA (lmg/l)+BAP (0.05mg/l) exhibited swelling of the explant 
which turned to creamish callus within 7 days of inoculation. Later on, 
two shoots developed from the node after 16 days of incubation. The 
swelled portion turned into creamish callus after an incubation period of 
one month and numerous small sized roots appeared on it (Fig. 6D). 
The nodal explants cultured on half strength MS medium 
supplemented with NAA (0.5mg/l) showed formation of callus from the 
whole surface after 9 days of inoculation. Later, 3-4 shoot buds 
developed from the callus but only one bud proliferated followed by 
direct rhizogenesis after an incubation period of 40 days (Fig. 6E). 
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Nodal explants when cultured on half strength MS medium without 
growth regulator exhibited callusing from the whole surface after 14 days 
of inoculation. On further incubation of 12 days, two shoot buds 
developed from the callus. The shoot grew upto 2 inches within 15 days. 
Initiation of rhizogenesis was observed after 6 days of shoot elongation 
directly from these shoots which became branched (Fig. 6F). 
4.1.3. Leaf Explant 
For callus induction and organogenesis, the cut pieces of leaf 
explants (0.5-1cm) were taken from young plant and were cultured on MS 
basal medium supplemented with various growth hormones either singly 
or in combinations (Table 5, Fig. 20). 
The leaf explants when cultured on MS basal medium (control) 
exhibited slight expansion in lamina after 7 days of inoculation but did 
not respond for organogenesis even upto 20 days of inoculation. Later, 
the leaf turned yellow. 
Caulogenesis 
The explant when cultured on MS medium supplemented with 
BAP+2,4-D (2mg/l each) showed expansion and slight thickening after 
one week of inoculation. An incubation period of another 10 days, 
resulted in the formation of yellow callus (Fig. 7A). 
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The explant when cultured on MS medium augmented with BAP 
(2mg/l)+2,4-D (0.5mg/l) exhibited swelling after 8 days of inoculation. 
And after 15 days of further incubation, several green shoot buds 
developed on the swelled portion. Out of these some proliferated into 
shoots while others remained suppressed (Fig. 7B). 
The explant when cultured on MS medium supplemented with 
BAP (2mg/l)+2.4-D (lmg/1) exhibited slight expansion in lamina which 
turned into yellowish callus after 6 days of inoculation which on further 
incubation of 10 days, produced a large number of shoot buds from the 
callus (Fig. 7C). 
The explant when cultured on MS medium supplemented with 
different concentration of BAP (2,3and 4mg/l) showed formation of shoot 
buds from the surface of the expanded and swelled leaf after 20 days of 
inoculation (Fig 7D). With an increase in the concentration of BAP 
(4mg/l), elongation of shoot buds was observed (Fig. 7E & F). 
Rhizogenesis 
The explant when cultured on MS medium augmented with NAA 
(lmg/l)+2.4-D (0.lmg/1) exhibited laminar expansion and swelling after 5 
days of inoculation which on further incubation of 10 days produced a 
brown callus which later produced several roots after a period of one 
month (Fig. 8A). 
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The explant cultured on half strength MS medium supplemented 
with NAA (1 mg/1) + 2.4-D (0.1 mg/1) exhibited formation of brown 
callus after 15 days of inoculation, which on further incubation of 24 days 
produced large number of roots (Fig. 8B). 
The explant when cultured on half strength MS medium without 
growth regulator exhibited induction of creamish callus from the leaf 
after IIdays of inoculation and about 10-15 roots appeared from this 
callus after 20 days of incubation (Fig. 8C). 
The leaf explant when cultured on MS medium enriched with lAA 
(1.5mg/l) +NAA (lmg/1) exhibited yellowish callusing from the expanded 
leaf surface after 13 days of inoculation. Induction of rhizogenesis from 
the surface of the whole callus was observed after an incubation of 35 
days (Fig. 8 D). 
The leaf explant when cultured on MS medium augmented with 
lAA (2mg/l) +NAA (lmg/1) showed callusing from the lamina after 14 
days of inoculation. Few shoot buds were induced from the callus after 10 
days of callus formation. The callus growth increased upto 4 weeks and 
then numerous small sized roots emerged out from the whole callus 
(Fig. 8 E). 
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4.2 Morus alba L. 
4.2.1. Shoot tip Explant 
For callus induction and organogenesis shoot tip explants 
(1.5-2 cm) were taken from the mature plant and were cultured on MS 
basal medium supplemented with various growth hormones singly as well 
as in various combinations (Table 6, Fig 21). 
The shoot tip explant when cultured on MS basal medium (Control) 
remained green upto 7 days after inoculation, and thereafter turned 
yellow and died. 
Caulogenesis 
The explant when cultured on MS medium supplemented with KN 
(2mg/l) exhibited a brown callus from the lower cut end after 6 days of 
inoculation and on further incubation of 15 days. The elongation of apical 
bud took place and a single shoot bud was induced on the callus 
(Fig. 9A). 
The explant when cultured on MS medium augmented with IBA 
(2mg/l) showed formation of same callus from the lower cut end after 9 
days of inoculation, which on further incubation of 20 days, resulted in 
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proliferation of apical bud there emerged 2-3 shoots from the callus 
(Fig. 9B). 
The explant when cultured on MS medium enriched with KN 
(4mg/l) + NAA (0.5mg/l) exhibited formation of a brown callus from the 
lower cut end after 8 days of inoculation. On 22 days of subsequent 
incubation, proliferation of apical bud and the development of new shoot 
from the callus was achieved (Fig. 9C). 
The explant when cultured on MS medium fortified with BAP 
(2mg/l) showed elongation of shoot which grew upto 3-4cm after 15 days 
of inoculation. After an incubation period of 20 days, there appeared 2-3 
shoots from the lower cut end (Fig. 9D). 
The explant when cultured on MS medium augmented with BAP 
(2mg/l) + KN (0.5 mg/1) exhibited formation of a friable callus from the 
lower cut end after 8 days of inoculation. After subsequent subculturing 
on BAP alone, 2-3 shoot buds were induced in about 20 days of further 
incubation (Fig. 9E). 
Caulogenesis followed by inflorescence formation 
When the explant was cultured on MS medium supplemented with 
KN (2mg/l) + 2,4-D (0.5 mg/l) + Asparagine (25 mg/1) + Glutamine 
(Img/l), showed callusing from the lower cut end after 12 davs of 
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inoculation. The proliferation of apical bud took place and 2-3 shoot buds 
developed from the 7 days old callus. The morphogenic portion of the 
callus when subcultured on the same medium produced an inflorescence 
after 19 days of incubation (Fig. lOA). 
The explant when cultured on MS medium augmented with BAP 
(2mg/l) + 2,4-D (0.5 mg/1) exhibited callusing from the lower cut end 
after 7 days of inoculation and proliferation of apical bud took place. The 
emergence of 4-5 shoots from the callus was achieved on further 
incubation of 20 days. These shoots were isolated and subcultured on the 
same medium supplemented with asparagine (25mg/l) and Glutamine 
(lmg/1) which resulted in the formation of inflorescence after a period of 
2 months (Fig. lOB). 
The explant when cultured on MS medium supplemented with 
BAP (4mg/l) +NAA (lmg/1) + Asparagine (25 mg/1) + Glutamine (lmg/1) 
induced a friable callus from the lower cut end after 5 days of 
inoculation. The callus was subsequently subcultered for 42 days and 
thereafter on the same medium, 3-4 shoots emerged out from the callus 
and inflorescence development was also observed (Fig. IOC). The 
inflorescence so formed later turned into a mature fruit after a month of 
incubation period (Fig. lOD). 
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Rhizogenesis 
The shoot tip when cultured on MS medium fortified with NAA 
(2mg/l) showed rhizogenesis after 11 days of inoculation. About 4-5 roots 
were induced from the lower cut end and also from internodal region 
(Fig. 11 A). 
The explant when cultured on MS medium augmented with IBA 
(2mg/l) + BAP (lmg/1) showed formation of white colour callus from the 
lower cut end after 7 days of inoculation. Which on further incubation of 
15 days, produced two roots from the cut end (Fig. IIB). 
The explant when cultured on MS medium supplemented with 
BAP+NAA (lmg/1 each) induced a white callus from the lower cut end 
after 6 days of incubation. Later, a single root emerged out from the 
isolated shoot (Fig. I IC) . 
The explant when cultured on MS medium supplemented with IBA 
(2 mg/1) + 2,4-D (lmg/1) induced a light brown callus from the lower 
portion after 7 days of inoculation. After an incubation period of 14 days, 
there appeared two roots from the internodal portion (Fig. IID). 
4.2.2. Nodal Explant 
For callus induction and organogenesis the nodal segments were 
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cultured on MS basal medium supplememed with various growth 
hormones either singly or in combinations. (Table 7, Fig. 22) 
The nodal segments when cultured on MS basal medium (control) 
did not respond for caulogenesis and remain as such for about 8 days and 
later turned yellow and died. 
Callus Induction 
The explant when cultured on MS medium containing 2,4-D 
(2mg/l) showed swelling in the upper half portion within 7 days of 
inoculation which turned into white friable callus after 11 days of 
incubation. Callus proliferated without showing any sign of 
organogenesis (Fig. 12A). 
The explant when cultured on MS basal medium augmented with 
NOA (2mg/l) showed swelling from the whole surface after 6 days of 
inoculation which turned into light greenish callus after 9 days of 
swelling. On further incubation for a week, it proliferated slowly and 
turned dark brown (Fig. 12B). 
The explant when cuhured on MS medium supplemented with BAP 
(2mg/l) exhibited swelling in the lower portion which turned into 
creamish callus after 13 days of inoculation. This was subcultured onto 
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the same medium, which resulted in the development of 3-4 shoot buds 
from the upper cut end (Fig. 12C). 
The explant when cultured on MS medium containing IBA (2mg/l) 
showed swelling after 5 days of inoculation. From this swelled portion 
greenish callus was formed after an incubation period of 15 days 
(Fig. 12D). 
The explant when cultured on MS medium fortified with BAP 
(2mg/l) + 2,4-D (lmg/1) produced brown callus from the whole surface 
within 6 days of inoculation. Later on, about 4-5 shoot buds developed on 
the lower portion of the callus after 10 days of further incubation. The 
growth of shoot buds remained suppressed even on prolonged incubation 
for about a month (Fig. 12E). 
The explant when cultured on MS medium supplemented with lAA 
(2mg/l) + 2,4-D (lmg/1) showed swelling after 5 days of inoculation. On 
further incubation of 22 days, patches of white callus appeared on the 
surface (Fig. 12F). 
Caulogenesis 
The explant when cultured on MS basal medium containing 2,4-D 
(2 mg/1) + BAP (0.5 mg/1) showed formation of a brown callus after 12 
days of inoculation. Later on, three shoot buds developed from the callus 
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after 16 days of further incubation. The shoot buds proliferated and 
attained a size of 5cm with well developed leaves on further incubation 
for a week (Fig. 13A). 
The explant when cultured on MS medium augmented with KN 
(4mg/l) + NAA (lmg/1) showed swelling after 4 days of inoculation and it 
turned into dark brown callus after 14 days of inoculation. From this 
callus, 3-4 shoots emerged out. But only one elongated (approx. 6cm). 
While other remained suppressed even on further incubation for a month 
(Fig. 13B). 
The explant when cultured on MS medium fortified with BAP 
(4mg/l) + NAA (lmg/1) exhibited formation of a brown callus from the 
lower cut end after 12 days of inoculation. The callus was subsequently 
sub cultured onto the same medium and incubated for another 25 days. 
This resulted in the formation of 5-6 shoot buds from the callus 
(Fig. 13C). 
The explant when cultured on MS medium enriched with BAP 
(2mg/l) + NAA (0.5 mg 1) showed swelling from the whole surface which 
turned into creamish callus after 18 days of inoculation but did not induce 
any shoot buds. Only single shoot appeared from the node which attained 
a size of 5cm with well developed leaves after 29 days of incubation 
(Fig. 13D). 
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The explant when cultured on MS medium fortified with BAP 
(2mg/l) + 2,4-D (0.5 mg/1) showed a brown callus after 12 days of 
inoculation. The callus on further incubation for 22 days, produced. 3-4 
shoot buds (Fig. 13 E). 
The explant when cuhured on MS medium KN (2mg/l)+2.4-D 
(0.5mg/l) exhibited formation of callus after 9 days of inoculation from 
the lower cut end, which was light brown in colour. From this callus 5-6 
shoot buds emerged but only one developed into a shoot (Fig. 13F). 
Rhizogenesis 
The nodal segment when cultured on MS medium augmented with 
NAA (2mg/l) showed large number of roots within 14 days of inoculation 
from the lower cut end which became branched and thickened on further 
incubation of 25 days (Fig. 14 A). 
The explant when cultured on MS medium fortified with NAA + 
BAP (lmg/1 each) exhibited formation of large number of roots with 
slight callusing from the lower cut end followed by development of a 
single shoot after 12 days of incubation (Fig. 148). 
The explant when cultured on MS medium augmented with NAA 
(2mg/l) + BAP (0.5 mg 1) showed slight callusing and induced a large 
number of roots from the lower cut end. which became branched 
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afterwards. Later, a single shoot was developed from the node after an 
incubation period of 14 days (Fig. 14C). 
The explant when cuhured on MS medium augmented with NAA 
(lmg/1) + KN (0.5 mg/1) exhibited formation of a large number of roots 
from the lower cut end and induction of a single shoot took place from 
the node after 24 days of incubation (Fig. 14D). 
4.2.3. Leaf Explant 
For callus induction and organogenesis, the cut pieces of leaf 
explants were taken from mature plant and were cultured on MS basal 
medium supplemented with various growth hormones either singly or in 
combinations (Table. 8). 
The leaf explant when cultured on MS basal medium (control) 
exhibited slight expansion in lamina after 6 days of inoculation which 
later on turned yellow and died. 
Callus induction 
The leaf explant when cultured on MS medium supplemented 
with 2,4-D (2mg/l) showed swelling in lamina within 5 days of 
inoculation followed by formation of light green callus. 
Proliferation in callus continued for several days (Fig. 15A). 
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The explant when cultured on MS medium containing IBA 
(2mg/l) exhibited slight swelling from the whole lamina after 6 
days of inoculation. On further incubation of 10 days, there 
appeared greenish white callus from the lamina (Fig. 15B). 
The explant when cultured on MS medium augmented with 
lAA (2mg/l) showed swelling in the petiolar portion of the leaf 
which turned into a brown callus after 18 days of inoculation 
(Fig. 15C). 
The explant when cultured on MS medium augmented with 
KN (2mg/l) showed swelling in the lamina after 6 days of 
inoculation which produced a light brown callus after an 
incubation period of 10 days (Fig. 15D). 
The explant when cultured on MS medium fortified with 
2,4-D (2mg/l) + BAP (0.5mg/l) exhibited elongation of lamina 
after 4 days of inoculation. Which on further incubation for 
another 12 days, induced a light brown callus (Fig. 16A). 
Organogenesis 
The explant when cultured on MS medium fortified with 
NAA (2mg/l) exhibited light brown callusing from the petiole after 
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7 days of inoculation. On further incubation for another 15 days, 
about 10-13 roots were induced from the callus (Fig. 16B). 
The explant when cultured on MS medium augmented with 
BAP (2mg/l)+2,4-D (0.5mg/l), a brown friable callus from the 
whole surface was induced after 9 days of inoculation. On 
subsequent subculturing onto the same medium, it exhibited 
formation of 4-5 shoots after an incubation period of 18 days 
(Fig. 16 C & D). 
4.3 Acclimatization 
The isolated well developed shoots were subcultured on 
rooting medium containing NAA (lmg/1). The fully developed 
regenerated plantlets having prominent root system (Fig. 17A) 
were transferred to plastic pots containing sterile mixture of soil 
and soilrite in the ratio of 1:3 (Fig. 17 B <& C). The pots were 
covered with plastic bags to maintain the humidity and kept in 
growth chamber for 10 days under controlled conditions of 
25+ 2"C. 
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EXPLANATION OF FIGURES 
(F ig . l A - F ) 
A) 30 days old culture showing yellow colour friable ca l lus 
on MS+2,4-D(2mg/l) . 
B) 28 days old culture showing callusing from the cut end 
on MS+KN (2mg/l) . 
C) 37 days old culture showing slight callusing on MS+NAA 
(2mg/l) . 
D) 15 days old culture showing indirect caulogenes is on 
MS+BAP (2mg/l) . 
E) 20 days old culture showing indirect caulogenesis on 
MS+BAP (4mg/l) . 
F) 35 days old culture showing mult iple shoot formation on 
MS+BAP (4mg/l) . 
fc- f r i ab l e ca l lus ms- mul t ip le s h o o t s c- ca l lus 
FIGURE-1 
EXPLANATION OF FIGURES 
(Fig. 2A-F) 
A) 25 days old culture showing yellowish callus and 
regeneration of single shoot bud on BAP+IAA 
(2mg/l each). 
B) 25 days old culture showing yellowish callus with large 
number of shoots on MS+BAP (4mg/l)+IBA (2mg/l). 
C) 36 days old culture showing regeneration of multiple 
shoots on MS+KN (2mg/l) +NAA (0.5mg/l). 
D) 45 days old culture showing indirect caulogenesis on 
MS+BAP (2mg/l)+NAA (0.5 mg/1). 
E) 22 days old culture showing large number of shoot buds 
from light brown callus on MS + BAP (4mg/l)+NAA 
(0.5mg/l). 
F) 40 days old culture showing multiple shoots on MS+BAP 
(4mg/l) +NAA (0.5mg/l). 
yc-ye l low ca l lus i c - i n d i r e c t cau logenes i s ms -mul t ip l e s h o o t s 
FIGURE-2 
EXPLANATION OF FIGURES 
(Fig. 3A-D) 
A) 40 days old culture showing creamish callus and both 
direct and indirect rhizogenesis on MS+IAA+NAA 
(2mg/l each). 
B) 50 days old culture showing direct rhizogenesis from 
lower cut end on half strength MS medium alone. 
C) 35 days old culture showing creamish callus with large 
number of small sized roots from the whole surface on 
MS+NAA (2mg/l)+IBA (lmg/1). 
D) 35 days old culture showing creamish callus along with 
7-8 small sized roots on half strength MS with NAA 
(lmg/l)+2.4-D (0.lmg/l)+BAP (0.05 mg/1). 
d r - d i r e c t r h i z o g e n e s i s ir- indirect r h i z o g e n e s i s r- rhizogenesis 
FIGURE-3 
EXPLANATION OF FIGURES 
(F ig . 4A-E) 
A) 30 days old cul ture showing direct caulogenesis on 
MS+BAP (2mg/l) . 
B) 30 days old culture showing direct as well as indirect 
caulogenesis on MS+BAP (3mg/l) . 
C) 30 days old cul ture showing direct as well as indirect 
caulogenesis on MS+BAP (4mg/l) . 
D-E) 45 days old culture showing multiple shoot regenera t ion 
on MS + BAP (4mg I). 
dc- d i rec t caulogenes is ms- m u l t i p l e s h o o t s 
FIGURE-4 
EXPLANATION OF FIGURES 
(Fig . 5A-F) 
A) 30 days old cul ture showing creamish callus and indirect 
caulogenesis on MS+2,4-D (2mg/l). 
B) 22 days old cul ture showing brown cal lusing with 7-8 
shoot buds on MS+KN (2mg/l) . 
C) 26 days old cul ture showing both direct as well as 
indirect caulogenesis on MS+BAP (2mg/ l )+IBA 
(0.5mg/l) . 
D) 20 days old cul ture showing yellowish callus with 8-9 
shoots on MS + BAP (2mg/l)+2,4-D (0.5 mg/1). 
E) 24 days old cul ture showing creamish yellow cal lus with 
large number of shoot buds on MS+BAP (2mg/l) + 2,4-D 
(lmg/1). 
F) 28 days old cul ture showing yellowish callus and 16-18 
shoot buds on MS + BAP (2mg/l)+2,4-D (0 .5mg/ l ) . 
sb- shoot buds cc- creamish callus 
FIGURE-5 
EXPLANATION OF FIGURES 
(Fig. 6A-F) 
A) 38 days old culture showing creamish callus and indirect 
rhizogenesis on MS+NAA (lmg/l)+2,4-D (O.lmg/l). 
B) 26 days old culture showing callusing and about 25-30 
small roots along with few shoot buds on MS+NAA 
(lmg/l)+2,4-D (0.1 mg/l) + BAP (0.5mg/l). 
C) 28 days old culture showing indirect rhizogenesis on 
lAA+NAA (2mg/l each). 
D) 30 days old culture showing indirect rhizogensis on lAA 
(2mg/l)+NAA(lmg/l) +BAP (0.5mg/l). 
E) 40 days old culture showing direct rhizogenesis from the 
proliferated shoot bud on 1/2 MS+NAA (0.5mg/l). 
F) 27 days old culture showing indirect caulogenesis and 
direct rhizogenesis on 1/2 MS only. 
Ir- i n d i r e c t rh izogenes i s dr-direct rh izogenes i s 
FIGURE-6 
EXPLANATION OF FIGURES 
(Fig. 7A-F) 
A) 17 days old culture showing yellow callus on MS + BAP 
+ 2,4-D (2mg/l each). 
B) 23 days old culture showing regenerat ion of large 
number of shoot buds on MS+BAP (2mg/l) + 2,4-D 
(0 .5mg/ l ) . 
C) 16 days old culture showing indirect caulogenesis on 
MS + BAP(2mg/l )+2.4-D (lmg/1). 
D) 20 days old culture showing indirect caulogenesis on 
MS + BAP(2mg/ l ) . 
E) 30 days old culture showing multiple shoots on MS+BAP 
(3mg/l) . 
F) 40 days old culture showing multiple shoots on MS+BAP 
(4mg/l) . 
yc- yel low ca l lus sb- shoot bud dc- direct c a u l o g e n e s i s 
FIGURE-7 
EXPLANATION OF FIGURES 
(Fig. 8A-E) 
A) 15 days old culture showing indirect rhizogenesis on MS 
+ NAA (lmg/1) + 2,4-D (O.lmg/1). 
B) 35 days old cul ture showing profused indirect 
rhizogenesis on 1/2 MS+NAA (lmg/1) +2,4-D (O.lmg/1). 
C) 31 days old culture showing 10-15 roots formation from 
yel lowish callus on 1/2 MS. 
D) 45 days old culture showing induction of rh izogenes is 
from the whole cal lus on MS+IAA (1 .5mg/ l )+NAA 
( lmg/1) . 
E) 28 days old culture showing indirect caulogenesis as well 
as rhizogenesis on MS + IAA (2mg/l)+ NAA ( lmg/1) . 
if- ind i rec t rh izogenes i s 
FIGURE-8 
EXPLANATION OF FIGURES 
(Fig. 9A-E) 
A) 25 days old cul ture showing induction of a single shoot 
from brown colour callus on MS + KN (2mg/ l ) . 
B) 29 days old cul ture showing proliferat ion of apical bud 
and emergence of 2-3 shoots on MS+IBA (2mg/ l ) . 
C) 30 days old cul ture showing indirect caulogenes is+NAA 
(0 .5mg/ l ) . 
D) 35 days old culture showing direct caulogenes is on 
MS + BAP (2mg/ l ) . 
E) 28 days old culture showing indirect caulogenesis on 
MS + BAP (2mg/l)+KN (0.5mg/l) . 
dc- direct c a u l o g e n e s i s ic- indirect cau logenes i s 
FIGURE-9 
EXPLANATION OF FIGURES 
(Fig. lOA-D) 
A) 38 days old culture showing indirect caulogenesis as 
well as inflorescence development on MS+KN 
(2mg/ l )+2,4-D (0.5mg/l)+Asp (25 mg/l)+Glu (lmg/1). 
B) 55 days old culture showing multiple shoots with an 
inf lorescence formation on MS+BAP (2mg/l) +2,4-D 
(0 .5mg/ l ) +Asp (25mg/l)+Glu ( lmg/1) . 
C) 60 days old culture showing multiple shoot formation 
with inflorescence on MS + BAP (4mg/l)+NAA (Img/1) + 
Asp (lmg/1) + Glu (lmg/1). 
D) 70 days old culture showing mature fruit on MS+BAP 
(4mg 1)+NAA (lmg/l)+Asp (25mg/l)+Glu (lmg/1). 
mf- mature fruit ms- multiple shoots if- in f lorescence 
FIGURE-10 
EXPLANATION OF FIGURES 
(Fig. I IA-D) 
A) 15 days old culture showing direct rhizogenesis on 
MS+NAA (2mg/l ) . 
B) 22 days old culture showing white callus and formation 
of two roots on MS + IBA (2mg/l) + BAP ( Img/ i ) . 
C) 18 days old culture showing indirect caulogenesis and 
direct rh izogenesis on MS+BAP+NAA (lmg/1 each). 
D) 22 days old culture showing formation of 2 roots on 
MS + IBA (2mg/l) +2.4-D (lmg/1). 
dr- direct rhizogenesis sb- shoot buds 
FIGURE-11 
EXPLANATION OF FIGURES 
(Fig. 12A-F) 
A) 14 days old culture showing white colour friable callus 
on MS+2,4-D (2mg/l). 
B) 15 days old culture showing greenish callus on MS+NOA 
(2mg/l) 
C) 13 days old culture showing creamish callus and direct 
caulogenesis on MS+BAP (2mg/l). 
D) 15 days old cutlure showing greenish callus on MS + IBA 
(2mg/l). 
E) 25 days old culture showing brown callus with 4-5 shoot 
buds on MS+BAP (2mg/l)+2,4-D (lmg/1). 
F) 22 days old culture showing patchy white and brown 
callus on MS + IAA (2mg/l)+2,4-D (lmg/1). 
sb- shoot buds gc- green ca l lus 
FIGURE-12 
EXPLANATION OF FIGURES 
(Fig. 13A-F) 
A) 20 days old culture showing brown callus with 2-3 shoot 
buds on MS+2,4-D (2mg/l)+BAP (0.5 mg/1). 
B) 25 days old culture showing indirect caulogenesis on 
MS+KN (4mg/l)+NAA (lmg/1). 
C) 35 days old culture showing brown callus with 5-6 shoot 
buds on MS + BAP (4mg/l) + NAA (Img/l). 
D) 29 days old culture showing creamish callus and direct 
caulogenesis on MS+BAP (2mg/l)+NAA (0.5 mg/1). 
E) 22 days old culture showing brown callus with 3-4 shoot 
buds on MS+BAP (2mg/l)+2,4-D (0.5 mg/1). 
F) 15 days old culture showing indirect caulogenesis on 
MS+KN (2mg/l)+2.4-D (0.5mg/l). 
sb- shoot bud ds- direct shoot ms- multiple shoots. 
FIGURE-13 
EXPLANATION OF FIGURES 
(Fig. 14A-D) 
A) 30 days old culture showing direct profused rizogenesis 
on MS+NAA (2mg/l). 
B) 12 days old culture showing indirect rhizogenesis on 
MS+NAA+BAP (lmg/1 each). 
C) 14 days old culture showing slight callusing and 
induction of several roots on MS+NAA (2mg/l) + BAP 
(0.5mg/l). 
D) 24 days old culture showing direct rhizogenesis and 
formation of single shoot on MS+NAA (lmg/1) + KN 
(0.5mg/l). 
ir- indirect r h i z o g e n e s i s dr- direct rhizogenes is 
FIGURE-14 
EXPLANATION OF FIGURES 
(Fig. 15A-D) 
A) 15 days old culture showing light greenish callus on 
MS + 2'4-D (2mg/l). 
B) 16 days old culture showing white callus on MS + IBA 
(2mg/l). 
C) 18 days old culture showing brown callus on MS+IAA 
(2mg/i). 
D) 16 days old culture showing light brown callus on 
MS + KN (2mg/l). 
wc- white callus be- brown callus 
FIGURE-15 
EXPLANATION OF FIGURES 
(Fig. 16A-D) 
A) 16 days old culture showing light brown callusing on 
MS+2,4-D (2mg/l) +BAP (0.5mg/l). 
B) 22 days old culture showing indirect rhizogenesis on 
MS+NAA (2mg/l). 
C) 27 days old culture showing indirect caulogenesis on 
MS+BAP (2mg/l) +2,4-D (0.5mg/l). 
D) 35 days old culture showing multiple shoots on MS+BAP 
(2mg/l)+2,4-D (0.5mg/l). 
ir- Indirect rh izogenes i s ms- m u l t i p l e shoot s 
FIGURE-16 
EXPLANATION OF FIGURES 
(Fig. 17A-C) 
A) complete plantlet. 
B) Two months old acclimatized plant. 
C) Three months old acclimatized plant. 
FIGURE-17 
EXPLANATION OF FIGURES 
(Fig. 18) 
Histogram showing response of growth hormones on shoot tip 
explant of Ruta graveolens. 
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EXPLANATION OF FIGURES 
(Fig. 19) 
Histogram showing response of growth hormones on nodal 
explant of Ruta graveolens. 
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EXPLANATION OF FIGURES 
(Fig. 20) 
Histogram showing response of growth hormones on leaf 
explant of Ruta graveolens. 
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EXPLANATION OF FIGURES 
(Fig. 21) 
Histogram showing response of growth hormones on shoot tip 
explant of Morus alba. 
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EXPLANATION OF FIGURES 
(Fig. 22) 
Histogram showing response of growth hormones on nodal 
explant of Morus alba. 
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DISCUSSION 
Although plant propagation is fast becoming a commercial 
venture (Srivastava and Pande 1998). The conventional methods of 
raising propagules for large scale plantation have failed to fulfil 
the ever increasing demands. For medicinal plants, the technique 
enables maintenance and multiplication of high yielding 
genotypes. The in vivo clonal propagation of plants is often 
difficult, expensive and even unsuccessful. Tissue culture method 
offers an alternative means of propagation. Clonal propagation 
(Micropropagation) through tissue culture can be achieved in short 
time and space. Thus, it is possible to produce plant starting from 
a single cell. The present work has been an endeavour to achieve 
rapid micropropagation of two economic plants. The results 
obtained have been discussed in the light of existing literature on 
the subject. 
Huang and Murashige (1976) reported that striking effects 
on differentiation of excised tissues in vitro are dependent on the 
composition of the medium and the basic regulatory mechanism 
involves the balance between growth hormones. 
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5.1 Ruta graveolens L. 
A successful procedure for direct and indirect regeneration 
and multiplication of Ruta graveolens from various explants was 
formulated.The most effective hormone for caulogenesis was 
found to be BAP, which was also supported by John et al. (1997) 
in Ruta graveolens and Hazarika et al. (1995) in Murraya koenigii. 
The doctrine of Skoog and Miller (1957) stated that both 
auxin and cytokinin are necessary for callus induction and 
regeneration which also holds good for Ruta graveolens as 
organogenic callus from nodal explant was observed on BAP 
(2mg/l)-*- 2,4-D (1.5mg/l). Several other workers also confirms it 
(Arya et al. 1981; Vargheese et al. 1993) in Aegle marmelos and 
in Ruta graveolens (John et al. 1997). 
The different explants of Ruta graveolens demonstrates that 
an increase in cytokinin concentration promoted greening of callus 
and a further rise in cytokinin level induced higher shoot 
regeneration. 
Among the three explants studied, nodal explant proved best 
for indirect caulogenesis on BAP+2.4-D. Whereas. Vargheese et 
al. (1993) reported indirect caulogenesis on KN + NAA in Aegle 
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marme los and Thirumalai and Thamburaj (1996) reported same on 
BAP+NAA in Citrus sinensis and also in Plantago ovata by Barna 
and Wakhlu (1988). 
For indirect caulogenesis shoot tip explant proved good on 
BAP + NAA combination which is inconsonance with the results 
obtained by Imaizumi et al. (1993) in Xanthoxylum whereas John 
et al. (1997) reported highest number of shoot induction on BAP + 
lAA in Ruta graveolens. The leaf explant responded on BAP+2,4D 
combination. Whereas John et al. (1997) documented indirect 
caulogenesis on lAA + 2.4-D + KN in the same plant. 
It has been clearly demonstrated that for direct caulogenesis, 
leaf explant was found to be most responsive on higher 
concentration of cytokinin containing medium. Whereas, Islam et 
al. (1993) observed direct caulogenesis from leaf explant of Aegle 
marmelos on BAP (1.5 mg/l)+ lAA (0.5mg/l) 
The morphogenetic response of different explants with 
varied concentration of BAP was studied and it was observed that 
the number of shoots regenerated directly as well as indirectly, 
increases with an increase in it's concentration. This may be due to 
lower level of endogenous cytokinin, this was confirmed by 
Arumugam and Rao (1996) in Aegle marmelos but Rajendra and 
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D'souza (1998) reported highest sp=r«^L*tng;;i^*nodal segment at 
lower concentration of BAP. 
Root induction is essential for transfer of the regenerated 
plantlets to the field. In some plants rooting occurs on the same 
regeneration medium, otherwise different media are used for root 
multiplication (Murashige 1974, Purohit et al. 1995). However, in 
some cases shoots have to be separated and transferred to hormone 
free or half strength MS medium as in present investigation. 
Best induction of rhizogenesis in the present investigation 
was observed on half strength MS medium. The same has been 
reported by John et al. (1997) in Ruta graveolens. Whereas Islam 
et al. (1993); Hossain et al. (1994); Ajithkumar and Seeni (1998) 
reported rooting in Aegle marmelos on 1/2 MS+ IBA (O.lmg/1). 
While Thirumalai and Thamburaj 1996 obtained rooting on 3/4 
MS + NAA (3mg/l) in Citrus sinensis. 
5.2 Morus alba L. 
The findings of present work on Morus alba demonstrates 
the possibility for mass propagation of mulberry through the 
culture of nodal segments, shoot apex and leaf explants. 
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Response of shoot induction in Morus species is dependent 
on explant type and age, as reported by Pattnaik and Chand 
(1997). In the present investigation, among the three explants 
used, shoot tip explants proved best for both direct and indirect 
shoot regeneration followed by nodal explants. Whereas, Horak 
Kim et al. (1985); Verma et al. (1996) and Pattnaik et al. (1996) 
found nodal explants of Morus alba to be more responsive than 
shoot tip explants. Moore (1989) documented that the leaf and 
nodal segments required exogenous auxin/ cytokinin 
supplementation, but the shoot tip which might be having higher 
concentration of auxins, as the site of synthesis required no 
exogenous supplements of hormones. However in the present 
investigation, the shoot tip explants did not respond without any 
supplementation of hormone. 
Several studies revealed that the balanced auxin and 
cytokinin supplementation for efficient callus induction is 
essential (Yeoman and Macleod, 1977). Narayanaswamy (1977) 
reported that a combination of auxin and cytokinin enchanced 
callus formation and also different explant responded differently 
for callus induction as it was also observed in present study. 
Proliferation and maintenance of callus responded differently to 
various growth hormones. 
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Callus induction has been successfully achieved through 
nodal explants on BAP (2mg/l) + 2,4-D (0.5mg/l) which give rise 
to shoot buds after subculturing onto the same medium. Similar 
findins were reported by Narayana et al. (1989) on same plant. 
The leaf explant produced creamish friable callus on 2.4-D and 
brown compact callus on KN with faster growth. Tewary et al. 
(1989) reported callusing from leaf explant of Morus alba on 
2,4-D, KN and BAP. 
Tewary and Rao (1990) observed shoot regeneration via 
callus from shoot tip explants with BA alone, while in the present 
study indirect shoot regeneration was achieved in a combination 
of BAP wi thKN or NAA. 
The nodal explants that were slight tender and having 
greenish axillary buds responded efficiently for bud sprouting 
compared to hard nodal explants. Similar findings was also 
documented in Morus indica (Chitra and Padmaja, 1998). 
Generally, a cytokinin or a combination of a cytokinin and 
auxin is required for in vitro shoot proliferation (Thorpe and Patel. 
1984). Best result of shoot proliferation from axillary buds of 
Morus indica were obtained on MS supplemented with NAA in 
combination with either BAP or KN (Patel et al. 1983) or BAP 
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alone (Mhatre et a/. 1985). In the present study also, BAP (4mg/l)+ 
NAA (lmg/1) and KM (4mg/l)+ NAA (lmg/1) was adequate to 
induce bud break and support subsequent shoot growth in the 
cultures of nodal explants. 
Anuradha PuUaiah (1992) reported that low concentration of 
2.4-D (0.5mg/l) stimulated sprouting from axillary buds of Morus 
alba and Chitra and Padmaja (1998) reported high frequency of 
shoot differentiation from nodal explants of Morus indica on MS 
with 2,4-D (0.5mg/l). Although 2,4-D is considered to suppress 
organogenesis but in present investigation it induced callusing 
both from nodal as well as from leaf explants. 
Ohyama and Oka (1987) reported inhibitory effect of BAP 
on shoot proliferation at concentration higher than (lmg/1) in 
Morus species. But in present work a higher concentration of BAP 
(4mg/l) proved best for sprouting from nodal explants. This was 
confirmed by other workers (Tewary et al. 1995; Islam et al. 1993; 
Sh arma and Thorpe 1990; Zaman et al. 1995; Chitra and Padmaja. 
1999). 
The regenerated shoots were rooted on NAA (2mg/l) 
containing medium. This confirms that NAA is required for 
rooting as reported earlier by Tewary and Rao (1990). Whereas, 
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Jain et al. (1990); Verma et al. (1996); Pattnaik and Chand (1997) 
documented that the presence of lAA or IBA in the medium was 
necessary for rhizogenesis in Morus alba. 
The method of plant regeneration from calli, stem segments 
and leaf ensure a constant supply of plant materials and our results 
may provide an efficient in vitro methods for rapid propagation of 
elite genotypes of Rut a graveolens and Morus alba. 
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SUMMARY AND CONCLUSION 
The Morphogenetic potential of two economically important 
plants i.e. Ruta graveolens and Morus alba have been investigated 
in the present study. The results are summarized as under: 
6.1 Ruta graveolens L. 
The Shoot tip, nodal and leaf explants were cultured on MS 
medium to induce callus and organogenesis. 
6.1.1. Callus induction 
The shoot tip cultured on MS medium supplemented with 
2.4-D (2mg/l) exhibited yellowish friable callus. Where as brown 
and compact callus was obtained when medium was supplemented 
with NAA (2mg/l) and BAP (2mg/l). The same explant cultured on 
KN (2mg/l) produced a creamish friable callus. The nodal explant 
when cultured on MS medium with 2,4-D (2mg/l) produced 
creamish friable callus whereas brown and compact callus was 
produced when cultured on MS medium supplemented with KN 
(2mg/l). The leaf explant cultured on MS medium fortified with 
BAP (2mg/l) + 2,4-D (2mg/l) produced a greenish friable callus. 
6t 
6.1.2. Indirect Caulogenesis 
Multiple shoot regeneration was obtained from shoot tip 
explant via callus phase on MS medium with BAP (4mg/l), BAP 
(4mg/l) + NAA (0.5mg/l). While moderate response was observed 
on MS medium containing BAP (2mg/l), BAP (4mg/l) + IBA 
(2mg/l). Nodal explant showed good response on medium 
containing BAP (2mg/l) + 2,4-D (lmg/1) and poor response on 
KN(2mg/l) alone. The leaf explant exhibited moderate response 
for indirect caulogenesis which was obtained on MS medium 
augmented with BAP (2mg/l) + 2,4-D (Img/I) and BAP (2mg/l) + 
2,4-D (2mg/l). 
6.1.3. Direct caulogenesis 
The shoot tip explant produced multiple shoots on MS 
medium supplemented with BAP (4mg/l) and KN (2mg/l) + NAA 
(0.5mg/l) while the medium supplemented with reduced 
concentration of BAP (2mg/l) produced 2-3 shoots/explant. Nodal 
explant proved better than shoot tip explant for direct 
caulogenesis. The maximum number of shoots were produced from 
nodal explant on MS medium fortified with BAP (4mg/l) and 
lesser number of shoots were obtained on the same medium 
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augmented with BAP (2 and 3mg/l). Direct multiple shoot 
induction from the leaf explant was obtained on the medium 
containing BAP (4mg/l) while its lower concentration induced 
lesser number of shoots. 
6.1.4. Rhizogenesis 
Indirect profuse rhizogenesis was obtained through shoot tip 
explants cultured on NAA (2mg/l) + IBA (2mg/l) followed by lAA 
(2mg/l) + NAA (2mg/l). While direct rhizogenesis was obtained on 
half strength MS medium. Nodal segments revealed indirect 
rhizogenesis on the medium containing lAA (2mg/l) + NAA 
(2mg/l) and lAA (2mg/l) + NAA (lmg/1) + BAP (0.05mg/l) while 
direct rhizogenesis was obtained on half strength MS medium. The 
leaf explant showed no sign of direct rhizogenesis but indirect 
rhizogenesis was noticed on 1/2 MS + NAA (lmg/1) + 2,4-D 
(0.1 mg/1) and half strength MS medium only. 
6.2 Moras alba L. 
Callus induction and organogenesis was observed from shoot 
tip, nodal and leaf explant on MS medium supplemented with 
various growth hormones. 
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6.2.1. Callus induction 
Shoot tip explant showed a brown friable callus on MS 
medium supplemented with KN (2mg/l), IBA (2mg/l) while the 
nodal explant produced a white friable callus on the same medium 
supplemented with 2.4-D (2mg/l) and a greenish callus on BAP 
(2mg/l) and IBA (2mg/l) supplemented medium. The same explant 
when cultured on NOA containing medium produced a light brown 
compact callus. The leaf explants exhibited very good response for 
callusing which was obtained on MS medium augmented with lAA 
(2mg/l). The calli were dark brown and compact and when cultured 
on MS medium containing 2,4-D (2mg/l), it produced a compact 
cream calli. 
6.2.2. Direct Caulogenesis 
Shoot tip explant produced multiple shoots directly on 
medium containing BAP (2mg/l). Nodal explant showed inferior 
responses, as only 1-2 shoots were produced on the MS medium 
containing BAP (2mg/l). BAP (2mg/l) + NAA (0.5mg/l) where as 
leaf explant did not show any sign of direct caulogenesis. 
6.2.3. Indirect Caulogenesis 
2-3 shoot buds from shoot tip explant were induced when 
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cultured on MS medium containing BAP (2mg/l) + KN (0.5mg/l) 
followed by BAP (lmg/1) + NAA (lmg/1) while the same explant 
when cultured on BAP (2mg/l) + 2.4-D (0.5mg/l) + Asparagine 
(25mg/l) + Glutamine (lmg/1) and BAP (4mg/I)+ NAA (lmg/1) + 
Asparagine (25mg/l) + Glutamine (Img/l) showed inflorescence 
formation along with multiple shoot regeneration. Nodal explant 
cultured on MS medium supplemented with BAP (4mg/l) + NAA 
(lmg/1) and KN (4mg/l) + NAA (lmg/1) exhibited induction of 3-4 
shoots from callus where as the medium containing BAP (2mg/l) + 
2.4-D (0.5mg/l) and KN (2mg/l) + 2,4-D (0.5mg/l) produced 2-3 
shoots indirectly from nodal explant. Indirect caulogenesis could 
be obtained through leaf explants only on BAP (2mg/l) + 2,4-D 
(0.5mg/l) supplemented medium. 
6.2.4. Rhizogenesis 
Profused rhizogenesis from shoot tip explant was induced 
directly on the medium containing NAA (2mg/l) followed by BAP 
(lmg/1) + NAA (lmg/1). Direct profuse rhizogenesis was obtained 
through nodal segments cultured on NAA (2mg/l) followed by 
NAA (2mg/l) + BAP (0.5mg/l) and an indirect rhizogenesis was 
obtained on the medium containing NAA (lmg/1) + BAP (lmg/1). 
From leaf explant only indirect rhizogenesis was obtained on 
medium containing NAA (2mg/l). 
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The findings of my experiment lead to the following 
conclusions: 
1. Callus can be raised from various juvenile and mature 
explant of Ruta graveolens and Morus alba. 
2. Direct regeneration in Ruta graveolens could be achieved 
only through leaf explants. The MS basal medium + BAP 
(4mg/l) stimulates the maximum percentage of regeneration. 
3. Indirect regeneration in Ruta graveolens could be achieved 
through nodal and shoot tip explants. 
4. Best rhizogenesis in Ruta graveolens could be achieved on 
half strength MS medium alone. 
5. Direct regeneration in Morus alba could be achieved only 
through shoot tip explant on MS basal medium + BAP 
(2 mg/1). 
6. Leaf explant of Morus alba responded only for indirect 
regeneration on MS + BAP (2mg/l) + 2,4-D (0.5 mg/1). 
7. BAP at various concentrations proved good for regeneration 
in Ruta graveolens as well as in Morus alba. 
8. In vitro explants are more responsive than in vivo. 
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9. The addition of amino acids such as asparagine and 
glutamine, resulted in the induction of inflorescence from 
shoot tip explant of Morus alba. 
10. NAA containing medium proved good for direct as well as 
indirect rhizogenesis in all the explants of Morus alba. 
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